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Introduction

Thi s article summarizes background information and discussion highlights of a workshop entitled Virtual Reality Technologies for Research and Education in Obesity and
Diabetes held from July [15] [16] 2010 . The purpose of the workshop was to explore the research potential of these technologies as tools for behavioral and neuroscience studies in diabetes and obesity, and the practical potential of virtual reality (VR) technology in fostering more effective utilization of diabetes-and obesity-related nutrition and lifestyle information.
The meeting was convened by six institutes and offices of the National Institutes of Health and the United States Army Telemedicine and Advanced Technology Research Center. 1 The co-chairs were Dr. Brian Wansink (Cornell University) and Dr. Albert Rizzo (University of Southern California). Speakers and attendees included university faculty, government program officers, medical professionals in academic and corporate practice, small business and other corporate representatives, and student interns with expertise ranging from endocrinology to videogame development (see Appendices A, B, and C).
Background
In the United States, approximately two-thirds of adults and nearly one-third of children and adolescents 2-19 years are either overweight or obese [for adults, body mass index (BMI) ≥ 25.0; for children, weight for age >85
th percentile]. 2, 3 The prevalence of diabetes (both diagnosed and undiagnosed) is also high; in 2011 over 8% (25.8 million) of the U.S. population had diabetes, with higher rates (27%) among older adults (age 65 years or older). 4 An additional 79 million adults (age 20 years or older) have prediabetes, which is strongly associated with being overweight and obese and is particularly common (50%) in adults 65 years or older. Type 1 diabetes, requiring insulin treatment, is the most common form in children but also accounts for a modest fraction (5%) of cases in adults. [4] [5] [6] [7] Treatment and prevention strategies for diabetes and obesity typically include appropriate energy intake for weight loss or weight maintenance, suitable dietary macronutrient distribution, physical activity, medication, improved sleep habits, and in some cases bariatric surgery. 8, 9 Successful implementation requires sustained behavioral changes, a high level of self-monitoring, and adherence to medication if prescribed. This is difficult, however, to achieve. For example, the American Heart Association has identified a panel of seven health behaviors (no smoking, BMI within healthy range, physical activity, and diet according to guidelines) and health factors (total cholesterol, blood pressure, and fasting blood glucose within guidelines) whose achievement at ideal levels represents a state of minimal cardiovascular risk. 10 However, only 5% of the U.S. population has achieved ideal levels for all elements of "Life's Simple 7." 10 Adherence to medication regimens lowers the risk of adverse outcomes, but nonadherence rates can be high (20-80%); for patients with diabetes, approximately one-third do not follow prescribed treatments.
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Socioeconomic and educational issues pose additional barriers. For example, successful glycemic control requires considerable text literacy (reading), numerical literacy (numeracy), and health literacy skills that many patients may not have. 12, 13 Even coronary heart disease patients, who likely would benefit from cardiac rehabilitation therapy, often do not adhere to exercise recommendations.
14 Overall, the learning and application of complex information, 15 time and cost constraints, psychosocial factors, educational skills, and other issues make adoption of recommended behaviors and treatments challenging for health care providers, patients, and healthy individuals who wish to lower their risk.
Virtual Reality: A New Approach for Research and Education in Diabetes and Obesity
Virtual reality technology allows for the creation of controllable, multisensory, interactive, three-dimensional (3D), stimulus environments, within which human performance can be motivated, recorded, and measured, and offers clinical assessment and intervention options that are not possible using traditional methods. [16] [17] [18] [19] Much as an aircraft simulator can serve to test and train piloting ability under a variety of controlled stimulus conditions, VR can be used to create relevant simulated environments that allow for the assessment and treatment of cognitive, emotional, and motor functioning. However, VR is not defined or limited by any one technological approach or hardware set-up. The creation of a virtual reality user experience can be accomplished using combinations of a wide variety of interaction devices and sensory display systems, and in the design of content presented in a computer-generated graphic world.
For example, immersive VR (http://journalofdst.org/March2011/ media /5-212-v1 .html) combines computers, head-mounted displays (HMDs), body-tracking sensors, specialized interface devices, and real-time graphics to immerse a participant in a computer-generated simulated world that changes in a natural way with head and body motion. In these systems, one of the key aims is to replace the outside world perceptually with that of a simulated environment (delivered within a HMD) to create a specific user experience. Immersive VR has been most commonly employed in applications where a controlled stimulus environment is desirable for constraining a user's perceptual experience within a specific synthetic world. This format has been used often in clinical VR applications for anxiety disorder exposure therapy, [20] [21] [22] [23] [24] [25] [26] [27] [28] analgesic distraction for patients suffering from acutely painful medical procedures, 29, 30 and in the cognitive assessment of children with attention deficit hyperactivity disorder within a virtual classroom to measure performance under systematically delivered task challenges and distractions. 25, [31] [32] [33] Some applications take advantage of simulated online worlds with functional representations (avatars) of humans and animals. 34 By contrast, nonimmersive VR is commonly experienced using modern computer and console games systems (http:// journalofdst.org/March2011/media /5-212-v2.html) . This format presents a 3D graphic environment on a flatscreen monitor or television (no real-world occlusion) within which the user can navigate and interact. Albeit delivered on a less immersive display, such graphic worlds are still essentially a virtual reality environment. 35 Though less immersive, virtual environments (VEs) presented on widely available commodity display systems have the capacity to provide the user with significant options for interaction with dynamic digital content using traditional computer and game interface devices (e.g., keyboard, mouse, game pads, joysticks, etc.). The use of such ubiquitous display and interface devices has promoted widespread access to this form of nonimmersive interactive media, mainly in the domain of entertainment. Moreover, researchers have investigated the value and usability of commercially available interaction devices and methods that can be used with flatscreen-delivered VEs that can allow users to interact with digital content using more naturalistic body actions beyond what is possible with traditional game interfaces (e.g., Konami Dance Dance Revolution, Sony EyeToy, Nintendo Wii, Microsoft Kinect, etc.). 36, 37 Virtual reality gaming technologies are now also being applied to preventive health and chronic disease management. 38 Virtual reality technology might prove a useful tool for producing sustainable behavior change to manage weight. However, with the exception of one laboratory's work on clinical eating disorders (anorexia, binge eating), 39 VR applications for common weight control factors such as food selection, portion control, and cued eating represent a nascent research area. More work has been done on VR as a modality to encourage physical activity for children and in the rehabilitation setting. 38, [40] [41] [42] The technology could be used to complement motivational interviewing, enhance motivation, assess emotional states of readiness for behavioral change, and help subjects manage their emotional reactions to food choices. 43, 44 Visual presentations could assist subjects in adjusting distorted assessments of portion sizes, correcting unrealistic expectations of the rate of weight loss, managing adverse sensory experiences from behavior change (such as hunger from altered consumption patterns or delayed muscle soreness from unaccustomed exercise), and navigating complex food environments such as grocery stores, 45 restaurants, 46 and household food pantries. 47 Reinforcement and encouragement of the positive aspects of food choice and eating behaviors represent another potentially useful venue for VR. 48, 49 Virtual reality could also be used as part of patient visits to personalize treatment 50 and improve adherence to diet, exercise, medication, and self-monitoring regimens. 51 Virtual reality technology also presents new opportunities to apply advances in sleep research in relation to obesity and diabetes risk. Insufficient sleep (sleep deficiency) and poor sleep behaviors, including sleep-disordered breathing, have been causally linked with disordered endocrine and appetite regulation and with risk of metabolic syndrome, diabetes, hypertension, and clinical cardiovascular disease. 52, 53 On average, U.S. adults and teens fall 2-3 hours short of their physiological requirements of 8 and 9 hours, respectively. Thus, many people are functioning in a chronic state of sleep-deprivation and circadian phase misalignment, akin to self-induced jet lag. Virtual reality could be used to evaluate individual sleep and alertness status objectively, deliver personalized guidance on healthy sleep behaviors, and implement and assess outcomes of physician-recommended treatments such as positive airway pressure devices and light therapy. Sleep parameters amenable to study with VR include sleep duration, timing, and quality; physical, perceptive, and affective aspects of sleepiness (e.g., cognizance of sleepiness and fatigue, self-monitoring of sleep habits, ocular markers of sympathetic tone); and sleep deprivation consequences (slower reaction times and impairments in memory, cognition, emotional processing, judgment, and decision-making). 54, 55 Virtual reality has unique and valuable characteristics as a research tool. One advantage is that the VR approach can simultaneously deliver an intervention and collect data on how it is utilized, particularly with regard to the cognitive and emotional processes involved. The virtual environments can be designed to address specific hypotheses, and detailed data on the study participant's response to the intervention can be collected without additional intrusiveness. Virtual reality environments can be used to study cue responsiveness and extinction through virtual exposure, which has been used in the study of phobias and addictions. Visual presentations can be tailored to the user, along with therapeutic guidance to modify affective reactions and choices, and can prepare the user for future real-world encounters, thus making VR suitable for role-playing and training. Performance feedback, an essential component of learning and skill acquisition, can occur in real time; thus, VR can be used as a teaching tool and also to study cognitive processing of information presented in increasingly complex (hierarchical) environments, a research approach that typically is impractical in real-world settings. Also, the capability to distribute identical virtual environments across multiple locations gives new meaning to the concept of multisite data collection. For VR applications addressing issues of dietary assessment and metabolic risk management, a particular challenge is the lack of food and nutrient databases with suitable accessibility, information content, and programming architecture.
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Workshop Discussion Highlights: Research Challenges and Opportunities
Presentations in the first part of the meeting addressed public health and behavioral challenges related to diet, exercise, and diabetes management; the scientific basis of learning and treatment adherence; and advances in VR applications for health promotion and disease management, including 3D computer simulations, video games, and simulated social environments. Discussion groups then considered study design issues and identified priorities for research in five potential areas of impact: motivating the desire for change, instilling healthier eating patterns, visualizing physical activity, managing daily life with diabetes, and improving clinical effectiveness.
Speakers raised the possibility that VR versions of traditional interventions may reinforce and enhance motivation for treatment, particularly among adolescents and young adults, since VR provides an opportunity to match interventions to various "ages and stages." Systems that encouraged goal-setting, monitored behavior, and provided regular feedback and rewards were considered important for motivating behavior change. Weight management education could potentially be embedded in existing video games and other consumerbased VR products.
Virtual reality has been studied in patients with eating disorders to modify distorted perception of body image and could be used similarly in obesity. Virtual reality could also provide a virtual support system to those with obesity and/or diabetes via virtual social networks, including children with diabetes who feel isolated and different because of their disease. Virtual reality could encourage family interactions in an environment where parents and children could more easily work on diabetes management concerns. Social network environments could provide credits for healthy eating and engaging in regular physical activity and other health-enhancing behaviors (such as smoking cessation and good sleep habits). These virtual social networks were considered to be applicable to extending health care provider services. In addition to using VR to train health care providers in weight and diabetes management, VR social networks could be used by subjects and providers to deliver interventions between visits and in a more accessible manner, particularly for those patients with transportation or mobility barriers. Using similar methodology as that used for anxiety disorders and substance abuse, VR cue exposure could be used to evaluate the effects of various cues on perceived hunger, food intake, and physical activity, and retrain the emotional and behavioral responses to these cues.
Challenges related to the accessibility, availability, and use of VR applications were noted. Virtual reality applications need to be easy to use and intuitive, even for older populations or for those with low vision and other sensory/physical disabilities. Technologies should accommodate user populations and study participants having low health literacy; VR is potentially a useful approach for understanding how health and nutrition information is processed and used by these groups. Cautions include the need to minimize the possibility that messages embedded in the technology might appear manipulative, controlling, or prescriptive, rather than facilitative. In addition, the potential for adverse effects (such as lack or loss of social skills through displacement to VR or dysfunctional avatar transference) needs to be understood. Usage costs such as purchase and maintenance expenses and time burden (amount of time spent in use, convenience of scheduling of interventions or sessions) need to be evaluated in various settings (research or private use; home, health care facility, school). Participants specifically noted the difference between television screen time, in which eating and drinking are common, and VR screen time, in which hand controls minimize opportunities to eat.
Other study design and methodology challenges that must be addressed when conducting rigorous VR efficacy and effectiveness studies are listed in Table 1 . The computer gaming industry was noted to be a rapidly advancing, economically robust sector with enormous potential for health-related research and behavior change. Researchers need to document and evaluate currently available off-theshelf programs because many projects can be conducted that take advantage of already existing tools, games, and software.
Priority topics for research and technology development and evaluation identified by the workshop discussion groups are summarized in Table 2 . These include studies on the use of VR to develop and enhance individual, family, and community-level skills that foster desirable eating, physical activity, and other health-related behaviors; the representational capacity of VR to enhance motivation and learning and to serve as a teaching tool; the social networking capabilities of VR; VR as a modality to train and extend availability and capacity for physicians and other health care providers; and pain distraction, motivation enhancement, and balance training using immersive visual environments, haptic systems (simulated tactile feedback), and other VR modalities in supervised rehabilitation exercise therapy.
In summary, there has been very little development of VR as a modality for obesity and diabetes studies. For example, the National Institutes of Health has supported only a relatively small number of research projects using VR technologies, primarily for studies in neuroscience, mental health, sensory deficits, poststroke rehabilitation, and use of online worlds for diabetes management. 57 The Department of Defense has a more developed VR portfolio particularly in treatment of posttraumatic stress disorder and post-amputation rehabilitation. 7 Progress in the field will be enhanced by multidisciplinary collaborations between the technology industry and academia, and among researchers with diverse expertise in biomedical sciences (such as endocrinology, nutrition, and exercise physiology), behavioral sciences, pedagogical disciplines, and computer sciences. There is a need for both developmental research leading to new technologies and potentially commercializable products as well as research that provides a venue for well-powered effectiveness trials of new interventions. Funding Opportunity Announcements and other related information on National Institutes of Health and Department of Defense research priorities are listed in Table 3 . 
